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Multiprogramming systems are used on both single and multiple CPU computers. They work in similar ways but, there are some differences. Multiprocessing is where there is more than one program is running at a time. [1] This is used in a CPU, which processes instructions while it is running. A multi-programming system is a type of parallel programming. A multi-programming system is where the system needs to be managed to treat all jobs fairly. In the IBM Knowledge Center it states  that it is  “the simultaneous operation of two or more processors that share the various hardware resources”[2]. A CPU will have many programs loaded into the memory ready to be executed. If the user runs two programs the priority transfers from the first to the second. The first program will be interrupted to free the execution for the second program.  
The programs are executed using the fetch, decode and execute cycle which is part of the Von Neumann Architecture. The Von Neumann Architecture is known as a stored-program concept [3], where data and instructions are stored in the memory. There are many registers that you can find in the CPU. Each register will have its own function.  Von Neumann is one type of architecture that a CPU might use. Other registers that a CPU uses are Program Counter, Memory Data Register, Memory Address Register and Current Instruction Register. These are all used in the fetch, decode and execute cycle. The program counter contains the address of the next instruction. When data is needed it is copied into the memory address register and the current instruction register and the program counter increments by on ready for the next instruction. The current instruction is then decoded in the control unit and translated in to opcode where it is then executed.
There are two different types of multi-processing systems, symmetric and asymmetric. Both use scheduling to prioritise their processes. There are advantages and disadvantages to both. This report contains how processes and threads are used within the computer system. Explaining in detail the methods of scheduling, communication and synchronisation. 
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A program is a set of instructions needed to run an application. A process is the execution of a set of instructions that are carried out in a logical order[4]. A process will contain all the necessary information for a program to run[5].  There can several processes associated with a program.  
[bookmark: _Toc504589242]Constituents of a process
A process will always have a changing state[6]. The operating system will store information about the process. The constituents of the process are that: 
· Each task will have an identifier linked with the process (Address); 
· With the identifier there will be a name of the process entity;
· The state of the process will be identified (Start/Ready/Running/ Waiting/ Ended)
· Resources such as a program counter and stack pointer will be allocated that are required for the process to run. 
· The permission authority for each task – whether the user is an admin or not
 A multiprocessing system is a computer with two or more CPUs in a system sharing the same resources. Multi-processing is more complex than single processing because the operating system needs to manage the resources  needed for all the processes in the system in a timely manner  to avoid conflicts [7]. The need for scheduling is important for the computer to be able to multi task. Processes need to be scheduled as some processes have higher priority than others. Multiprocessing systems will produce a higher performance than a single processor. 
[bookmark: _Toc504589243]Asymmetric vs Symmetric Multiprocessor system
There are two different types of multi-processing systems, symmetric and asymmetric multi-processor systems. 
Symmetric multi-processing is where multiple CPUs can share the processing workload evenly [8]. This is done automatically where this is up to the operating system to share the resources between the CPU cores. In a symmetric multi-processing system there is two or more CPU with the same architecture. In an asymmetric multi-processor system, you can have a system with two or more CPU with different architectures in the system. In asymmetric multi-processor systems processes are often processed on one processor and applications are processed on the other processor. Symmetric processors are more common in a computer system. 
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Scheduling is a term given for managing the CPU time so that the CPU is working as efficiently as possible. This will determine which process should be executed at a given time. Scheduling is important for multi-processing as the operating system will have to execute more than one process at a time. There are different states for the processors (ready, running and terminated).  When a process starts it’s in the ready state. When the process is scheduled the process is in the running state. Then once it is finished with the process is terminated. 
Single CPU computer systems had only one processor which made scheduling much easier. However, most modern computers have multiple CPU and are multiprocessor systems. 
There are different scheduling algorithms that are suitable for single and multi-processors.  These can be described as Non-pre-emptive and Pre-emptive.  Non- Pre-emptive is when a process is executed, and no other process can interrupt the execution until the first process is terminated. Examples of non-pre-emptive algorithms are time slice is where the processor gives all the processes equal time. First come first serve is where a process enters a queue, the first one to enter is dealt with first. Shortest Job First is when the CPU looks in a list to see which job can be completed the quickest and completes that process first. Pre-emptive is where processes have priorities. Processes can be interrupted if a new process has a higher priority. An example of a pre-emptive algorithm is Shortest Remaining Time Next. This is when the execution time is compared to the running process and if the new process is shorter the current process is interrupted. [9] There are also multi-level queue scheduling and multi-level feedback scheduling is where there is more than one queue with multiple algorithms. The difference between them are process can move between queues in the multi-level feedback, whereas in the multi-level queue the process must stay within the queue it has entered even when the other queues are empty. 
There are issues to be addressed in scheduling for multiprocessor systems. Firstly, the operating system will allocate the processors tasks.[10] The operating system needs to decide which processor should execute a particular set of instructions. It also needs to prioritise the  set of tasks allocated to a processor [9]. 
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Inter-Process Communication is where processes pass information to each other. There are different techniques for the ways for processes to talk to one another.  There are many methods for inter-process communication such as Shared memory, pipes, semaphores, message queuing and sockets[11]. Shared memory is where there is a shared space of memory that is used in multiprocessors that all processors can read and write to .[5] Processes share memory so that they share information. [5].  When a process needs to share data, it would often have a shared variable. Pipes allow information to be sent immediately from one process to another. They are a one-way communication. Therefore, for two way communication this requires two pipes [12][5] . Semaphores are a way for flexibly synchronising processes and applications in the multiprocessor system. Semaphores have a value to indicate the status of a resource that can be read by a process and changed. The process checks the value to see if the resource can be used. If the resource can be used, the process then changes the semaphore value to show other processes that the resource is now busy. If the resource is busy the process waits and checks later.  Message queuing is where data is created by processes and placed in a  queue, once created the data can be used by any other process.[12] The message is given a specific type when the message is created. Other processes can select messages by type or the order they are taken from the queue [9]. Sockets allow communication between network processes and local processes. Processes can be passed through from the client’s computer to the servers. A socket is an endpoint therefore, sockets are needed on each side to allow connection to take place.[9]
[bookmark: _Toc504589246]Synchronisation 
For processes to communicate with each other they need to synchronise. Messages can then be sent and received between processes. Once a process has sent or received a message it needs to state what job is required to do next [9]. Process synchronisation manages all of the processes to stop them interfering with each other while being executed [13].  Process synchronisation is in place to prevent problems such as critical section problems. Critical section is the code uses shared variables that can be shared over many processes. When a process is using the critical section, it cannot be accessed by other processes. The other processes must wait for the process to finish with the critical section. There are different methods for processes to send or receive. The most common versions are blocking and non-blocking messages.[9] Blocking send and receive is when both processes are interrupted until the message is received.  Non – blocking send, and Blocking receive is where the sending process does not require acknowledgement for the process to carry on, but the receiving end will wait until the message has been received.
 There are four policy conditions for synchronisation. Mutual exclusion is where other processes cannot access the shared resources if a process is using them in its critical section. Hold and wait is where a process is on hold and waiting for resources held by other processes. No pre-emption is where a resource cannot be taken away from a process. Circular wait is where each process is waiting for a resource from the next process in a circular queue. [9] These policies can prevent a process deadlock situation. A deadlock situation is when two or more active processes are waiting for each other to complete an instruction before they can carry on. There are two version of a deadlock situation, deadlock prevention and deadlock avoidance. Deadlock avoidance is a much more efficient way of using the resources because decisions are made dynamically whereas with deadlock prevention there are a set of rules in place.
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Threads are sub versions of processes. A process will contain many threads. They are a point of execution and handle a small set of instructions that cannot be run independently [14] Threads share their own memory space and consist of a program counter and a stack [9]. All threads can communicate with other threads. A thread is a series of instructions that are executed in order[15]. 
The lightweight processes are a layer between the kernel and user level threads. There is always one kernel level to every lightweight process[9]. The user level threads however seek the next freely available lightweight processes rather than using the same one every time. The kernel level threads tell the user level threads how many lightweight processes should be running [16]. The kernel does not know the existence of user level threads because these are managed by the user thread library. 
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The responsibility for thread scheduling is partly the up to the programmer to program the application on the threads and it is also up the operating system to schedule threads accordingly. Threads need to be scheduled to make the process run efficiently.  Thread scheduling is very similar to process scheduling. They both have a priority based scheduling. This is when there are two threads the first one is higher ranked than the second one. There are different types of algorithms to order when threads execute their instructions. Time slice is used to give time equally to all threads. There are other algorithms that are more efficient as some priority for threads is needed. 
Many of the scheduling algorithms are used in both process and thread scheduling. Threads only use a priority system such as time slice whereas processes can also use non-priority scheduling such as first come first serve. 
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The programmer can decide how the threads communicate with each other but cannot tell when the threads are scheduled. This is done by the operating system.  There are many ways for threads to communicate with each other. One way of doing this is that the threads are halted to allow another thread to update data in the shared spaces.[17] 
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Thread synchronisation is where there are two or more threads that are controlled while accessing the shared memory. This is needed because  only one thread can access the shared memory at a time [18]. There are methods to prevent threads interfering when accessing the shared memory space. Synchronisation manages which threads can access the shared memory space. Threads are ranked by priority, the highest priority thread is executed first.[19]  The thread is only interrupted if there is another thread with higher priority or the thread runs out of its allocated processing time. If there are threads with the same priority the scheduler chooses which thread to execute.
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Multiprocessor systems use threads and processes in order to execute multiple programs in a system. These threads and processes need algorithms and methods to make efficient use of the CPU.  From the information gathered there are many similarities between threads and processes. They communicate with each other and use many of the same algorithms to schedule within the CPU. One difference is that threads use priority algorithms whereas processes can use non-priority algorithms as well. Synchronisation is an important part of how threads and processes are executed because they both use shared memory that is managed within the CPU. In summary, the report covers important information regarding how processes and threads work.
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